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Abstract 
Carbon dioxide absorption potentials of selected solvents were assessed by absorption at 40oC up to 9.5kPa CO2 partial pressure 
and desorption at 80oC down to 1.0kPa CO2 partial pressure and compared with monoethanolamine (MEA). Results showed that 
cyclic capacity of MEA in molCO2/molamine decreases with increase in concentration while its CO2 removal per cycle increases 
with concentration. Sarcosine neutralized with potassium hydroxide showed similar behaviour but slightly lower performance 
than MEA. Tetraethylenepentamine (TEPA) showed outstanding CO2 absorption potentials, it maintained very high absorption 
rate and removes high amounts of CO2 per cycle. 1.0M TEPA removes 3 times more CO2 per cycle than 1.0M MEA, however 
working with TEPA at higher concentrations proved challenging.  
 
© 2008 Elsevier Ltd. All rights reserved 
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1. Introduction 
Development of more efficient solvents is crucial in reducing the cost of carbon dioxide absorption from combustion 
exhaust gases. Several solvents have been proposed for carbon dioxide absorption, but the question is how the best 
candidate could be selected through an efficient and economical short-cut evaluation method. Alkanolamines such 
as monothanolamine (MEA), diethanolamine (DEA), di-isopropanolamine (DIPA) and methyldiethanolamine 
(MDEA) have been the most common solvents used over the years for absorption process in removal of acid gases, 
CO2 and H2S from industrial and combustion exhaust gas streams (Blauwhoff et al. [1]; Kohl and Nielsen [2]; 
Rinker et al. [3]). However, these alkanolamines are still deficient for carbon dioxide absorption due to inherent 
problems associated with their use in CO2 capture process. Different factors affect the efficacy of a solvent for 
carbon dioxide absorption, these include solvent solubility, its vapour pressure, molecular weight and foaming 
tendency, degradation and corrosion properties; others are reaction kinetics, heat of reaction and regeneration energy 
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requirement as well as the cyclic capacity. Environmental and cost factors are also to be considered; it is obvious 
that selection of the best solvent is not trivial. 
 
This work uses a quick method for selecting potential solvent systems for CO2 absorption before further 
characterisation. It started with pre-selection study of a collection of suggested solvents using their structure and 
pKa relationship, followed by consideration of all other factors initially mentioned, where possible. Based on these 
analyses, candidate solvents were selected for screening tests. In particular attention was paid to a new solvent with 
a potential for high absorption capacity and fast kinetics, tetraethylenepentamine (TEPA). Presence of 5 amine sites 
(two primary and three secondary) in TEPA (figure1); gives an indication of high absorption capacity and predicted 
first pKa value of 10.07 ± 0.19 shows potentials for fast kinetics. Versteeg et al. [4] observed correlations between 
pKa and reaction rates for amines while da Silva and Svendsen [5] and Rochelle et al. [6] related pKa with 
absorption rate.  These relations show that reaction rates increase with pKa.  
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Figure 1 Tetraethylenepentamine (TEPA) 
 
Solvents performance for CO2 capture was compared to MEA which is chosen as the base case for all comparisons. 
2-amino-2-methyl-1-propanol (AMP) was selected due to its performance as a sterically hindered amine, Sartori and 
Savage [7]. AMP promoted with piperazine (PZ) is the preferred solvent blend for Kansai Electric Power Company 
(KEPCO) and Mitsubishi Heavy Industries (MHI) Ltd (Yoshida et al. [8]) while a mixture of N, N’-di- (2 
hydroxyethyl) piperazine (DIHEP) with N-2-hydroxyethylpiperzine (HEP) is the prefered blend for Cansolv 
Technologies Inc. (Hakka and Ouimet, [9]). The potassium salt of sarcosine was also selected to compare the 
performance of amino acid neutralized with an inorganic base.  
 
To provide a broad basis for comparison, different concentrations of MEA, 1.0M, 2.5M, 5.0M and 10.0M were 
tested. In general, effort was to compare 2.5M of each solvent or solvent mixture with 5.0M MEA and at the same 
time using concentrations not too far from 30 wt% of amine solutions. Due to high molecular weight and viscosity 
of TEPA, only concentrations of 1.0M and 2.0M were tested. DIHEP and HEP were found to be very expensive 
solvents, thus a mixture with same mole ratio 0.42M DIHEP and 0.58M HEP, as proposed by Hakka and Ouimet [9] 
were used. Since different concentrations of MEA were tested it was possible to compare all the solvents with 
relevant concentrations. 
  
2. Screening Experiments 
 
2.1 Materials. The amine absorbents were used with their purity as received as follows; MEA (Sigma-Aldrich, 
purity  99.9 mass %), TEPA (Fluka, purity ~ 85% mass %), while PZ (anhydrous 99%), AMP (purity > 99 mass 
%), DIHEP (purity > 99 mass %) and HEP (purity > 98.5 mass %), all obtained from Acros Organics. Other 
solvents used were sarcosine (Fluka, purity  98%) and potassium hydroxide (KOH) (Merck KGaA, purity  85 
mass %). The solvents were used without further purification. The potassium salt of sarcosine (KSAR) was prepared 
by neutralizing equimolar amounts of sarcosine and KOH. All solution samples were prepared with deionized water. 
The CO2 (purity > 99.99mol %) and N2 (purity > 99.99 mol %) gases used were obtained from AGA Gas GmbH.  
 
2.2 Experimental Setup and Procedure. Screening absorption and desorption experiments were carried out using 
the screening apparatus shown in Figure 2 which is designed to operate at atmospheric conditions and up to 80oC. It 
is designed to give a fast relative comparison of absorption rate and absorption capacity as well as the stripping rate 
for each absorbent, thus an estimate of the relative cyclic capacity of each system could be deduced. Apart from 
these factors, other properties such foaming, precipitation and possible discolouration upon CO2 loading, which may 
be indicative of solvent degradation, could be observed. This apparatus therefore enables us to acquire first hand 
knowledge on the behaviour of solvent systems in carbon dioxide absorption process. It should be noted as was also 
pointed out in Ma’mun et al. [10] that comparison of the experimental data here is semi-quantitative since there is no 
guarantee that the bubble structure, and thus the gas-liquid interfacial area, was exactly the same in all the 
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experiments. However, the superficial gas velocities were the same, so the changes would arise mainly due to 
differences in interfacial tension, bubble coalescence properties and viscosity. The method involves absorption of 
CO2 with the solvent at 40oC and stripping of the same solvent at 80oC. The absorption experiment is same as 
described in Ma'mun et al. [10], but the apparatus was modified to allow stripping operation by addition of an extra 
cooler and the removal of the water saturator. The absorption process terminates automatically when the 
concentration of CO2 in the effluent reaches 9.5 vol% representing about 9.5 kPa partial pressure of CO2 A liquid 
sample is collected for analysis and the solvent is ready for stripping. The desorption process starts by heating up the 
solvent from 40oC to 80oC, this takes about 46 minutes and stripping starts automatically at 80±0.1oC by 
introduction of pure N2 gas into the desorber bottle. The CO2 content of the effluent gas decreases as N2 bubbles 
through the solution. This is measured and logged every minute.  
 
 
 
 
Figure 2 Absorption-desorption screening experiment set up. 
 
Stripping terminates automatically when the effluent gas records 1.0vol% representing 1.0 kPa partial pressure of 
CO2. The liquid sample from stripping is collected for analysis of CO2 content. Collected absorption and stripping 
liquid samples were analysed by the barium chloride method and excess HCl titrated with 0.1M (molL-1) NaOH 
using an automatic titrator (Metrohm 702 SM Titrino) with end point pH 5.2. 
 
2.3 Absorption-Desorption Calculations. The rate of CO2 absorption (QCO2) at a given time was computed from: 
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. Results and Discussion 
 
CO2 absorbed is logged as a function of time and the data are integrated to obtain the accumulated amount of CO2.  
Cyclic capacities (Qcyc) and amount of CO2 removed per cycle (¨cCO2) (solvent carrying capacity) for each 
absorbent were determined through the concentration difference between loading after absorption (Įabs) an
st strp
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3.1 Absorption.  The absorption rates versus loading (molCO2/molsolvent) curves for various systems tested are 
shown in figure 3. It can be observed that 1.0M and 2.0M TEPA maintained consistently the highest absorption rates 
and reach the highest loadings of 1.92 and 1.85 respectively when compared with other systems. It is however 
observed that the rates for 2.0M TEPA were slightly lower than those for 1.0M TEPA, this could be explained by 
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nt of CO2.  0.42M DIHEP + 0.58 HEP absorbs the least amount of 
O2 per liter solution of all the tested systems. 
 
the higher viscosity of 2.0M TEPA which led to reduced diffusivity resulting in reduced mass transfer rate thus 
slight rate decrease. The high performance of TEPA could be explained by its structural features where two primary 
and three secondary amine sites combine to enhance absorption rate and capacity. 2.5M KSAR is found to show 
similar behaviour as the MEA family while 2.5M AMP maintained a significantly lower absorption rate than MEA, 
but achieved higher loading of 0.6. Promoting 2.5M AMP with 0.5M PZ resulted in a significant increase in rate as 
well as improved loading. 0.42M DIHEP + 0.58 HEP is observed to have poorer performance than 1.0M MEA in all 
loading ranges. Figure 4 shows the absorption rate plots against amount of CO2 absorbed per liter solution. 2.0M 
TEPA absorbs the highest amount of CO2 per liter solution followed by 5.0M MEA. 1.0M TEPA showed very good 
CO2 absorption per liter solution considering its concentration, it absorbs more than 2 times the amount of CO2 per 
liter solution compared to 1.0M MEA. 2.5M KSAR absorbs a slightly lower amount of CO2 per liter solution 
compared to 2.5M MEA; however it showed higher absorption rate; up to 0.94 mol CO2 per litre solution. On the 
other hand 2.5M AMP absorbed a higher amou
C
0
10
20
30
40
50
0.0 0.5 1.0 1.5 2.0 2.5
Loading (molCO2/mol solvent)
rC
O
2 (
x1
05
 m
ol
L-
1 S
-1
) 1.0M MEA
2.5M MEA
5M MEA
0.42M DIHEP + 0.58M HEP
2.5M AMP
2.5M AMP + 0.5M PZ
1.0M TEPA
2M TEPA
2.5MKSAR
 
 
Figure 3 Absorption rate versus loading curves for the solvents at 40oC  
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Figure 4 Absorption rate versus amount of CO2 absorbed in mol per liter solvent at 40oC 
1054 U.E. Aronu et al. / Energy Procedia 1 (2009) 1051–1057
 Author name / Energy Procedia 00 (2008) 000–000  
3.2 Desorption.  Solvents attained different loadings and absorbed different amounts of CO2 in solution. Desorption 
tests at 80oC gives an indication of the true CO2 carrying capacity for these solvent systems under these 
experimental conditions.  Figure 5 and 6 show curves for stripping rate versus loading in molCO2/mol solvent and 
amount of CO2 in mol/L solution respectively. It can be observed from figure 5 that the lowest lean loading of 0.08 
was attained by 2.5M AMP and 0.42M DIHEP + 0.58M HEP showing the high desorption ability of these solvents. 
On the other hand 1.0M TEPA has the highest lean loading of 0.81 indicating its low desorption potential but it 
should be noted that it showed the highest change in loading. A slightly different behaviour is observed in figure 6; 
with 0.42M DIHEP + 0.58M HEP having the least amount (0.08) of CO2 in mol/L solution followed by 2.5M AMP. 
However, 5.0M MEA is found to retain the highest amount of CO2 per liter solution at the lean end. It is also 
observed that 1.0M TEPA retained a much higher lean loading than 1.0M MEA. 2.5M KSAR and 2.5M MEA were 
found to show similar desorption behaviours although 2.5M MEA showed slightly better desorption ability.  It is 
noted that there is no desorption plots for 2.0M TEPA, this is due to the difficulty experienced in the desorption 
stage. The solvent was found to flash up in the condenser as soon as nitrogen was introduced to start stripping at 
80oC, thus was not possible to obtain accurate desorption data for this system. 
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Figure 5 Stripping rate versus loading curves for the solvent systems at 80oC 
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Figure 6 Stripping rate versus amount of CO2 in mol/L solution curves for the solvent systems at 80oC 
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Table 1 gives the summary of the absorption-desorption characteristics of the tested systems, it is observed that for 
MEA, the cyclic capacity decreases while the amount of CO2 removed per cycle increases with concentration. 
0.42M DIHEP + 0.58M HEP has the lowest cyclic capacity as well as the lowest CO2 removal per cycle. 1.0M 
TEPA is found to have the highest cyclic capacity while 2.5M AMP + 0.5M PZ has the highest amount of CO2 
removal per cycle but considering the concentration of the systems involved, 1.0M TEPA is found to exhibit 
outstanding performance as it removes 3 times more CO2 per cycle than 1.0M MEA. Note that units for Įabs, Įstrp  
and  cyclic capacity for KSAR is molCO2/mol.KS
 
Table 1 Absorption-Desorption Summary for Solvents 
 
Solvent Įabs Įstrp Cyclic Capacity cCO2           Rich end
cCO2         
Lean end
¨cCO2       
Per Cycle 
(molCO2/mol amine) (molCO2/mol amine) (molCO2/mol amine) (molCO2/L) (molCO2/L) (molCO2/L)
1.0M MEA 0.593 0.224 0.368 0.598 0.226 0.371
2.5M MEA 0.529 0.224 0.303 1.332 0.569 0.763
5.0M MEA 0.518 0.247 0.271 2.568 1.223 1.345
0.42M DIHEP + 0.58M HEP 0.430 0.080 0.350 0.430 0.080 0.350
2.5M AMP 0.600 0.078 0.523 1.527 0.198 1.329
2.5 AMP + 0.5M PZ 0.671 0.147 0.524 2.013 0.441 1.572
1.0M TEPA 1.916 0.810 1.106 1.935 0.818 1.117
2.5M KSAR 0.509 0.233 0.276 1.272 0.583 0.689  
 
4. Conclusions 
 
A relative comparison of the CO2 absorption potentials of selected solvent systems was performed using a rapid 
screening apparatus. Test results showed that only absorption data are not sufficient to assess the performance of 
solvents for CO2 absorption. Desorption data are necessary since different solvents exhibit different desorption 
behaviours. The cyclic capacity of MEA in molCO2/molamine was found to decrease with increase in concentration 
while its CO2 removal per cycle increases with concentration. 0.42M DIHEP + 0.58M HEP has the lowest CO2 
absorption potential of all the systems tested although it has the best desorption ability. 2.5M KSAR showed a 
similar behaviour to 2.5M MEA, however, it was found to have slightly lower performance. The performance of 
AMP in CO2 absorption is enhanced by promoting with PZ, and this system also showed high desorption ability. 
TEPA has shown outstanding CO2 absorption potential. It maintained very high absorption rate and removes a large 
amount of CO2 per cycle. 1.0M TEPA removes 3 times more CO2 per cycle than 1.0M MEA. However working 
with TEPA at higher concentration may be challenging due to viscosity and flashing problems experienced.  
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